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MEMORANDUM

TO: File
FROM: Dennis E. Totzke/CH2M HILL/GLO
DATE: February 13, 1984

SUBJECT: ECC Remedial Investigation
Hydrogeologic Investigation
Subtask 3-1

JOB NO: W65230.C3

INTRODUCTION

This document is a Hydrogeologic Study technical memorandum
(TM) for the Environmental Chemical and Conservation Corpora-
tion (ECC) site near Zionsville, Indiana. This work was
performed in partial satisfaction of Contract No. 68-01-6692,
Work Assignment No. 18.5L70.0, Task 3-1 of the Remedial Inves-
tigation authorized by the U.S. EPA. The primary purpose of
the T™M is to provide documentation of data obtained during

the drilling and installation of groundwater monitoring wells.

PROBLEM STATEMENT

Environmental Chemical and Conservation Corp. operated as a
solvent processing and reclaiming facility from 1977 until

May 1980. During this period, approximately 350 generators
disposed of such wastes as resins, paint sludges, waste oils
and flammable solvents onsite in 55-gallon drums or by bulk
discharge to onsite storage tanks. Some of the solvent wastes
were processed and recovered. The site was closed down in
early 1982 with an outstanding waste inventory of over 25,000
drums of liquid and solid wastes, and about 300,CC0 gallons

of bulk storage liquids.

On March 17, 1981, the Indiana State Board of Health (ISBH)
sampled two wells at the ECC site: MW-2A and MW-1B (Figure
1). The analysis of the sample from the shallow well, MW-1B,
indicated the presence of several organic compounds. The
organic contaminants found in the sample were:

methylene chloride 5.7 mg/1
1,1-dichloroethane 950 mg/1
trichlorethylene 10 mg/1
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On November 29, 1982, the ISBH sampled five groundwater mon-
itoring wells in the vicinity of the Northside Sanitary
Landfill and ECC. Organic compounds, including
l.1-dichloroethane, Trans-1,2-dichlorethylene and methyl
ethyl ketone were present in four of the five samples.

SCOPE

A hydrogeologic investigation was conducted to define the
soil stratigraphy, characterize aquifers and determine ground-
water flow directions and gradients in the vicinity of the
ECC site and to define pathways of subsurface contaminant
migration. Prior to collecting any additional data, existing
information was reviewed. This included a search of histor-
ical aerial photographs, domestic and industrial well logs,
relevant literature, and previous soil boring and monitoring
well information from the ECC site and the Northside Sani-
tary Landfill. A subsurface exploration program was then
performed to further define conditions at the site. The
program included an electrical resistivity survey, test
drilling with soil sampling, rock coring and installation of
monitoring wells.

GEOLOGIC SETTING

Boone County, Indiana, is in a physiographic unit known as

the Tipton Till Plain, a nearly flat to gently rolling glacial
plain, which is the result of continental ice sheets that
covered the county about 20,000 years ago. During the period,
known as the Pleistocene Epoch, large quantities of earth
materials were deposited upon the bedrock surface, with a
maximum thickness approaching 350 feet. The major aquifers

in Boone County are in sand and gravel deposits of glacial
origin. These deposits are also important sources of aggre-
gate materials.

The bedrock formations beneath the glacial drift in Boone
County consist of limestones and dolomites of Silurian and
Devonian age and shales of Devonian and Mississippian age.
The beds generally dip about 10 to 30 feet per mile to the
southwest toward the Illinois Basin. In general, the Silur-
ian and Devonian age formations produce small to moderate
amounts of water, while the Devonian and Mississippian age
shales are not usually good water producers.

SUBSURFACE EXPLORATION PROGRAM

The subsurface exploration program was conducted between May
and September 1983. It involved an electrical resistivity
survey performed by Gilkeson and Heigold of Champaign,
Illinois, and a test drilling and monitoring well installa-
tion program performed by Mateco Drilling Co. of Grand Rapids,



Michigan, and ATEC Inc., of Indianapolis, Indiana, and dir-
ected by CH2ZM HILL.

ELECTRICAL RESISTIVITY SURVEY

An electrical resistivity survey was conducted to investi-
gate the presence and lateral continuity of shallow sand and
gravel deposits and the presence of fine-grained glacial
tills in the vicinity of the ECC site. A secondary objec-
tive was to investigate the presence of a groundwater con-
taminant plume; however, baseline resistivity values were
not available and measured resistivities could not be related
to the presence of contaminants. The resistivity survey was
useful in defining layer characteristics of geologic mater-
ials to depths greater than 100 feet. A report on the earth
resistivity investigation is presented in Appendix A.

TEST DRILLING

A series of monitoring well clusters were installed around
the ECC site. The wells were classified into three groups
based on their relative borehole depths. Shallow boreholes
(wells) were drilled to a maximum depth of about 30 feet.
Intermediate boreholes (wells) were drilled to approximately
100 feet. Deep boreholes (wells) were drilled into the top
of rock, approximately 155 to 165 feet. Borehole locations
are shown in Figure 1. All wells were located outside of
the hazardous waste site and continuous monitoring with an
HNu analyzer during drilling detected no readings above back-
ground.

Boreholes were advanced through the soil using hollow-stem-
augers and/or rotary drilling techniques. The drilling fluid
was clear water obtained from the City of Zionsville water
supply and, in some cases, bentonite mud was used to com-
plete deep boreholes. On deep and intermediate boreholes,

6- or 4-inch diameter steel casing was used to seal off near-
surface aquifers while drilling into deeper water-bearing
zones. Continuous split-spoon samples were taken through

the upper 20 to 30 feet in one borehole at each well cluster
location to define the near-surface stratigraphy and deter-
mine the setting depth of the 6- or 4-inch temporary steel
casing. Exact depths of drilling and casing are noted on

the boring logs in Appendix B. Split-spoon samples were
collected at 5-foot intervals below the 20- to 30-foot depth
to the top of rock. One NX-size core run was advanced into
rock at each deep borehole, except at borehole ECC-3C where
the core barrel did not work properly.

MONITORING WELL INSTALLATION

Twelve monitoring wells were installed at seven locations
around the ECC site (Figure 1). Shallow and deep wells were



installed in the boreholes at the ECC-1, 3 and 4 cluster lo-
cations. Deep, shallow and intermediate wells were installed
at the ECC-2 cluster location and single shallow wells were
installed at ECC-5, 6, and 7. Well construction drawings

are presented in Appendix C.

Once a borehole was completed, it was cleaned of drill cut-
tings and fluid by flushing with City of Zionsville water.
The monitoring well was then installed and developed. The
development procedure at shallow wells used an air compres-
sor to evacuate water from the standpipe above the screen.
An airline was lowered down the well to a depth just above
the top of the screen to ensure that no air was forced into
the aquifer. The column of water in the standpipe was
ejected, allowing aquifer water to surge into the well
through the screen. Each well was surged until the purge
water no longer contained sand or silt.

Well ECC-4A was contaminated with oil because the oil filter
on the air compressor failed to work properly while developing
the well. BAs a result, two additional wells, ECC-6A and
ECC-7A, were installed along the eastern boundary of the ECC
site. These two wells were developed using compressed nitro-
gen, rather than an air compressor, to prevent the possibility
of o0il contamination.

All of the deep wells and the one intermediate well were
artesian, flowing at the ground surface after being completed.
These were allowed to flow freely for approximately 10 to 12
hours and no other development procedure was used. The flow-
ing wells were fitted with a special packer assembly that

was lowered into the well on 1-1/4-inch PVC pipe, as shown

in Appendix B. This system controls flow and allows water

to be evacuated above the frost penetration zone for winter
operation. Water level measurements can be taken by adding
additional 1-1/4-inch diameter PVC standpipes above ground
surface.

Ground surface elevations were surveved and water levels
were recorded at all wells except ECC 6A and ECC 7A on June
29, 1983. Water levels were also recorded on either July 18,
19 or 20, 1983 and September 1, 1983; that were measured
with an electric sounder. Water and ground surface eleva-
tions are listed in Table 1.

LABORATORY SOIL TESTING

Laboratory testing included index tests for soil identifica-
tion and classification. These consisted of Atterberg limits,
moisture contents and mechanical grain size analysis. Sam-
ples were selected for testing after visual classification

of all samples from a borehole and were selected on the



Well No.

ECC-1A

ECC-1C

ECC-2A

ECC-2B

ECC-2C

ECC-3A

ECC-3C

ECC-4A

ECC-4C

ECC-5A

ECC-6A

ECC-7A

®Positive sign indicates water level above ground surface; negative sign indicates

bground surface.

Table 1
GROUNDWATER ELEVATIONS
ECC SITE

Ground Top Feet
Surface Casing from
Elevation Elevation Ground

Ft. - MSL Ft. - MSL Surface®

887.13 890.13 ~5.46
~5.67
-6.24
~5.45

886.76 889,46 +5.06
+4.70
+3.99

887.21 890.21 -5.15
=5.43
-6.15
~5.31

886.65 889.65 +5.19
+4,34
+3.78

886.80 889.70 +5,09
+4.,78
+3.78

876.47 878.87 -4,31
-5.13
-4.90
-5.26

877.19 879.59 +12.52
+12.24
+13.30

884.34 887.24 =4.11
-4,.38
-4.66

884.54 887.24 +7.71
+6.93
+6.10

887.25 889.85 ~6.10
-6.,49
-6.92
-6.19

- -- -4.45
-3.59

-- -- -8.50°
-2.43

Noted while drilling with hollow stem augers.

GLT90/73

Elevation

Ft. - MSL

881.67
881.46
880.89
881.68

891.82
891.46
890.75

882.06
881.78
881.06
881.90

891.84
890.99
890.43

891.89
891.58
890.67

872.16
871.34
871.57
871.21

889.71
889.43
890.49

880.23
879.96
879.68

892.25
891.47
890.64

881.15
880.76
880.33
881.06

Date

Recorded

6/29/83
7/19/83
9/1/83
11/29/83

6/29/83
7/18/83
11/29/83

6/29/83
7/19/83
9/1/83
11/29/83

6/29/83
7/20/83
11/29/83

6/29/83
7/18/83
11/29/83

6/29/83
7/19/83
9/1/83
11/29/83

6/29/83
7/20/83
11/30/83

6/29/83
7/19/83
9/1/83

6/29/83
7/18/83
11/30/83

6/29/83
7/19/83
9/1/83
11/30/83

9/2/83
11/30/83

9/1/83
11/30/83

water level below



basis of being representative of soil types encountered.
Laboratory test results are presented in Appendix D.

Mechanical grain size analysis is useful for determining the
characteristics of coarse grained soils from a single borehole
and for correlating stratigraphic units with similar grain
size distributions from several boreholes. Grain size dis-
tributions of relatively well sorted and rounded sands and
gravels can also be used to estimate soil hydraulic conduc-
tivities. Atterberg limits and moisture contents are con-
ducted to determine the plasticity characteristics of silts
and clays. This information is useful for cross borehole
correlation and for making rough estimates of soil hydraulic
conductivity without performing much more costly field and
laboratory tests.

SUBSURFACE CONDITIONS

Soil types encountered from the ground surface to the top of
rock are illustrated in Figure 2. These consist of glacial
tills, glacial outwash and possibly some shallow alluvial
deposits. The glacial till deposits, consisting predomi-
nantly of clayey silt and silty clay, formed the thickest
sequence encountered. They appear to be highly overconsol-
idated based on Atterberg limits and relatively impermeable.
Glacial outwash sands and gravels were found at all five
boring locations. These consisted of fine to coarse sand

and gravel that are highly permeable. Some alluvial deposits
may occur near the ground surface, especially near the south-
east corner of the ECC site and generally consist of fine
sand and silty sand. A projection of shallow borings at the
ECC site is shown in Figure 3. 1Included are some of the
borings completed previously for the Northside Sanitary Land-
fill. The shallow soil stratigraphy appears to be very com-
plex near the south end ot the ECC site. This is probably
due to the combination of till, outwash and alluvial deposits
present in this area.

Three water-bearing zones occur at different elevations and
appear to be fairly continuous under the site. These are:

o A silt sand zone, approximately 5 to 15 feet
below ground surface

0 A shallow sand and gravel zone, approximately 20
to 30 feet below ground surface

o} A deep sand and gravel zone, approximately 150 to
165 feet below ground surface

The water table was identified while drilling with hollow-
stem augers and continuous split-spoon sampling. Depths to
the water table ranged from 6 feet at ECC-3 to approximately
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10 feet at ECC-1, 4 and 5, to 15 feet at ECC~2. Approximate
water table elevations are illustrated in Figure 4. The
water table occurred in fine-grained soils, usually sandy
silts or silty sands at ECC-1, 2, 4, 5, 6 and 7. At ECC-3,
it occurred in a fine sand, relatively free of silt.

A shallow confined sand and gravel was identified between
approximately the 20- and 30-foot depth at ECC-1, 2, 4 and

5. The potentiometric surface of this zone is at a higher
elevation than the water table at these four boring locations,
as shown in Figure 4. This zone appears to be a glacial
outwash sand and gravel zone, which is confined by an over-
lying silty clay till. The confining upper till unit appears
to be 10 to 15 feet thick throughout the northern half of

the ECC site. This shallow confined sand and gravel was not
found at ECC-3, which is within 250 feet of Finley Creek.

The shallow confined zone at ECC-4 occurs at a higher ele-
vation than at ECC-1l, 2 and 5. The zone also consists of a
finer, silty sand at ECC-4 than at the other boring locations.
Due to the o0il problem encountered when developing ECC-4A,

two additional wells were added; ECC-6A and ECC-7A (Figure 1),
along the unnamed ditch. An additional well was not added

at the ECC-4 location because of the low permeability soils
encountered there. The shallow confined zone was identified
at the ECC-6 location and has very similar characteristics

to the 20- to 30-foot depth at ECC-1, 2 and 5. At ECC-7,

the zone is similar to ECC-4, with large amounts of silt and
interbedded clay lenses. The maximum gradient in the shallow
confined aquiter was found to be 0.005 between wells ECC-2A
and ECC-4A,.

The hydraulic conduct1v1tz was estimated, from grain size
analysis, to be in the 10 3 to 10”2 cm/sec range.

Water levels measured in Northside Sanitary Landfill piezo-
meters are listed in Table 2. Two Northside Sanitary Land-
fill piezometers, SB-57 and SB-60, are relatively close to-
gether, about 100 feet (Figure 3), but show a water level
difference of over 7 feet as shown by the following measure-
ments:

Piezometer Ground Elevation Water Level Elevation
11/15/82 9/1/83

SB-57 879.12° 880.1" 880.12"
SB-60 880.79" 872.7" 872.73"

Piezometer SB-60 appears to be monitoring the water table,
while SB-57 appears to be monitoring the shallow confined
aquifer. ECC-3A monitors the water table and shows water
levels that correspond closely to SB-60 (Table 1). Water
level contours for the water table and the shallow confined
zone are shown in Figure 5.

-10-
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Table 2
GROUNDWATER LEVELS IN NORTHSIDE SANITARY
LANDFILL PIEZOMETERS

Designa- Ground Grogndwater Elevation
tion Elevation 11/15/82 9/1/83 11/29/83
Mw-1 875.88 871.4 - -
SB~-53 876.15 871.2 - -
54 877.45 872.8 -- -
55 872.44 870.7 -- -
56 874.71 870.7 - --
57 879.12 880.1 880.12 878.05
58 886.77 881.3 881.35 882.18
59 892.85 881.0 -- --
60 880.79 872.7 872.73 872.21
61 875.71 871.6 - --
62 887.36 889.5 - --
63 890.55 891.3 -- -
64 887.12 890.1 - -
65 876.00 871.8 -- --
66 881.71 - - -
67 878.69 -- - -
68 888.23 881.4 880.86 881.72
69 884.70 880.9 880.40 881.17
70 883.44 874.3 873.75 873.22
71 880.19 872.6 872.85 872.14
72 888.43 873.1 - -
73 879.53 871.8 -- --
74 877.88 871.0 - -
75 880.29 873.2 872.95 872.02
76 880.85 879.9 878.95 879.75
77 892.34 883.9 - -
78 885.43 - - -
79 888.06 - - -
80 873.80 - - -
MW-2 877.18 875.18 -- --
Mw-3 884.58 878.67 - --
MW-4A 885.10 883.68 -- -=
Mw-5 886.90 882.32 -- --
MW-6 916.56 901.23 -- --
MW-7 907.83 889.83 -- -=
37 888.22 884.05 884.42 886.99

qNovember 15, 1982, water levels provided by ISBH.

GLT90/76
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A deep confined zone was found in outwash sands and gravels
near the top of rock in all four deep borings (Figure 2).

The potentiometric surface of this zone is above ground sur-
face throughout the site, as shown in Table 1. This aquifer
is confined by an extensive sequence ot overlying till, which
consists of very stiff to hard clayey silts and silty clays
with very low relative permeabilities, based on Atterberg
limits and visual classification. The natural moisture con-
tents and Atterberg limits indicate that this till is highly
overconsolidated. The maximum gradient in the deep contined
aquifer was found to be 0.005 between wells ECC-3C and ECC-4C.
The hydraulic conductivity4was estimated, from grain size
analysis, to be in the 10 to 10 ? cm/sec range.

Several other sandy zones in the till are possibly small
outwash stages and may be water-bearing zones. Monitoring
well ECC-2B is completed in such a zone, approximately 100
feet below ground surface. The water level in ECC-2B is

very close to the water level in the deep well, ECC-2C (Table
1). This zone is about 10 feet thick; however, other zones
encountered were usually less than 5 feet thick and generally
contained considerable amounts ot silt and clay.

CONCLUSIONS

Two contined zones were identitied in sand and gravel zones
beneath the ECC site. The deep zone occurs at a depth of
about 155 to 165 feet below ground surtace and just above
the top of rock surface. A shallow confined zone occurs at
about 20 to 30 feet below ground surface. A thick glacial
till sequence of hard silty clay and clayey silt separates
the two. The upper zone appears to be confined by a silty
clay layer. The potentiometric surface of the deep zone was
found to be above ground surface at all four deep boring
locations. The potentiometric surface of the shallow aquifer
was above the water table at all boring locations except
ECC-3, where the shallow confined zone was not encountered.
Flow in both zones appears to be generally to the south,
toward Finley Creek.

The water table or top of the zone of saturation in the near
surface soil was identified while drilling with hollow stem
augers. It occurred in fine grained soil, usually sandy
silt or silty sand, except at the ECC-3 boring location,
where it occurred in a clean fine sand.

Possible groundwater contaminant sources at the ECC site
include the cooling water pond, the surface storage areas
and spill areas around the bulk tanks. Possible pathways ot
contamination appear to be in the water table aquifer and
along the unnamed ditch, especially near the southeast cor-
ner of the ECC site where relatively permeable soils exist
near ground surface. Contaminants may also be migrating in

-14-



the shallow confined aquifer in the vicinity of the cooling
water pond, which may be excavated to a depth below the top
of this aquifer. Contamination of the deep confined aquifer
is unlikely because ot the thick sequence of low permeability
soils that act as a confining layer and the very high poten-
tiometric surface ot the aquifer, which causes an upward
gradient throughout the confining layer.

GLT90/54
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APPENDIX A

ELECTRICAL RESISTIVITY SURVEY



AN ELECTRICAL EARTH RESISTIVITY INVESTIGATION IN THE VICINITY
OF THE ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION SITE

Robert H., Gilkeson and Paul C. Heigold



Introduction and Physical Setting

This report presents findings from the application of the surface electrical
earth resistivity method to define shallow geologic materials in the vicinity of
the Environmental Conservation and Chemical Corporation Site (ECC). The study
area is shown on plate 1. The ECC Site is located adjacent to U.S. Route 421,
approximately 10 miles north of the corporate boundary of Indianapolis in the
eastern part of Boone County, Indiana. The physiographic setting of the area
surrounding the site is the Tipton Till Plain, an extensive flat to gently roll-
ing region formed on ground moraine till deposited during the Wisconsinan glacial
advance.

The ECC Site is situated immediately adjacent to a large municipal refuse
landfill. An unnamed stream flows southward along the east side of the site,
between the site and the covered surface of the landfill. Final cover elevations
on the top of the landfill are 994 feet above sea level. Excluding the elevations
on the landfill, elevations over the rest pf the study area vary from approximately
906 feet in the northwestern corner to less than 869 feet along Finley Creek in
the southern part. ‘

There are drainageways along the west, south and east sides of the ECC Site.
The drainageways meet near the southeast corner of the site. At a distance of
400 feet south of the junction, the combined drainage discharges into Finley Creek.

The highest elevations on the ECC Site are in a bermed area along the north-
western and northern side of the site. Elevations along the top of the berm range
from 896 feet to 900 feet above sea level. Elevations on the drum storage areas
within the site range from approximately 883 feet to 887 feet above sea level.
Surface water from a 1a:ge part of the site drains into a cooling water lagoon that

is present in the east-central part of the site.
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Elevatlons In the floor of the dralnageway along the east side of the site
vary from 882 fect at the northeastern corner of the s8ite to 875 feet at the
junction of the two streams in the southeastern corner of the site. Elevations in
the floor of the dralnageway at the northwestern corner of the site are 886 feet
above sca level.

The drainageways may be zones of discharge for groundwater in short flow-paths
from the site. However, a component of recharge on the site may flow southward in
the shallow geologic materials to zones of discharge along Finley Creek. The compo-
sition of the shallow geologic materials is an important control on the migration
of contaminants away from the site. The texture and composition of the materials
affect the velocity of groundwater and the attenuation of contaminants.

Drillers records from shallow borings in the study area have established the
widespread presence of sand and gravel deposits in the shallow geologic materials.
The borings also established that the sand and gravel was underlain by fine-grained
glacial till. Four deep borings located in the vicinity of the ECC Site that were
recently drilled to the bedrock surface found thick deposits of glacial till. Inter-
till deposits of sand and gravel were present in some of the borings. These sand
and gravel deposits are laterally discontinuous. The total thickness of unlithified
materials at the boring sites varied from 155 feet to 166 feet. A basal zone of
sand and gravel (thicknesses varying from 10 to 20 feet) was present in all four
borings. At three sites, the sand and gravel was in open connection with the lime-
stone bedrock—at one site an 8 foot thick layer of glacial till separated the sand
and gravel from the bedrock. Bedrock surface elevations at the sites of the four
borings range from 720.5 to 724.5 feet above sea level. Monitoring wells constructed
in the deep sand and gravel deposits established that artesian conditions were

present. The thick deposits of glacial till and the upward groundwater gradients
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in these materials are an important safeguard to prevent contamination of groundwater

resources in the deep sand deposits and in the limestone bedrock.
A fleld investigation with the surface electrical earth resistivity method

was conducted on the site to obtian information on the geologic materials. The

geophysical investigation was designed to investigate the presence and lateral
continuity of shallow deposits of sand and gravel and the presence of thick deposits

of fine-grained glacial tills throughout the study area to depths greater than
100 feet.

Electrical Earth Resistivity Investigation

Background

The resistivity of a geologic material is a function of several variables

such as matrix conduction, the size, quantity and inter-connectedness of pore spaces

and the ionic strength of the contained fluid. It is obvious that the resistivity

of geologic materials cannot be defined in terms of lithology alone; however, some

generaliztions are possible:

1. Unsatuarated geologic materials have higher resistivity values than the

same materials saturated.

Massive rocks with little pore space have high resistivities.

3. Saturated clayey sediments have low resistivities.

Clean sand and gravel deposits (little clay content) that are saturated
with groundwater of low ionic strength will have high resistivities.

Geologic materials (including sand and gravel) that are saturated with
groundwater of high ionic strength may have very low resistivities.

The significance of these generalizations to the geologic materials on the

ECC Site are as follows:

1. Thick sand and gravel deposits should have a significantly higher

resistivity than the fine-grained glacial tills.
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2. The resistivity of sand and gravel deposits near the ECC Site or the
landfill may be lowered if they contain contaminanted groundwater of
high ionic strength.

3. In some locations the surficial silty materials may be unsaturated and
therefore have resistivities that are similar to values for sand and
gravel.

4. The dense, massive limestone bedrock may have very high resistivity values.

Methods of Data Collection and Analysis

The geophysical field program was conducted on four separate dates—May 1,
May 8, May 18, and May 22, 1983. The 52 stations where electrical earth resistivity
measurements were taken are shown on plate 1. The study area contained many
features that may interfere with surface electrical measurements (metal fences,
metal buildings and tanks, buried and overhead electrical lines). Because of these
features, a series of measurements were taken at each measurement station through
a systematic expansion of the electrode array; a measurement technique known as
vertical electrical sounding (VES). 1In the present study measurements were taken
with a modified Schlumberger electrode array where a constant 10:1 ratio is main-
tained for the distance separating the current and potential electrodes. Apparent
resistivities were calculated for all of the measurements and graphs (VES-profiles)
were constructed for each station that showed the apparent resistivity values as a
function of the distance of electrode separation. The graphs were then analyzed
to reject erroneous values due to measurement error or interference. Representative
VES-profiles for 4 stations are shown in figures 1 and 2. Current electrode spac-
Ings out to distances of 305 feet were used at most statlons. At several stations
measurements were made at current electrode separations of 656 feet. Appendix I
presents the apparent resistivity values measured at each current electrode separa-

tion distance for the 52 stations. A digital computer program by Zohdy (1973) was
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FIGURE 1. VES-profiles for station no. 6 and station no. 2
on the north side of the ECC~-Site. VES-6 is located 10 feet
north of the metal site fence. VES-2 is located 110 feet

north of VES-6 in an open field.
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FIGURE 2. VES-profiles for station no. 34 and station no. 43
on the west side of the ECC-Site. VES-34 is located 25 feet
west of the site fence. VES-43 is located 20 feet west of
VES-34



used to solve the inversion problem to determine the layering parameters—'true"
thickness and "true" resistivitles of the geologlc materials for each of the VES-
profiles. The determined values are referred to as "true" in recognition that they
are a best approximation of the real values. Figures 3 through 12 show the iayer-
ing parameters for each VES station on strip records that include a lithologic
interpretation. Most of the VES stations were located along 7 traverses shown on
plate 1. Figures 5, 6, 8, 9, 10, 11 and 12 present geoelectric sections for each
traverse.

The geophysical instruments used in the field program were a Bison Model
no. 2350-B and an ABEM Terrameter Model no. SAS-300. The Terrameter instrument was

used for all of the measurements on traverses B-B', C-C', D-D', E-E' and F-F'.

Results

The surface electrical earth resistivity measurements determined that the
general sequence of geologic meaterials in the study area is a thin upper layer of
low resistivity materials (interpreted to be silts and clayey silts), a middle
layer of high resistivity materials .(interpreted to be sand and gravel), and a thick
lower layer of low resistivity materials (interpreted to be fine-grained glacial
ti1l). The middle high resistivity layer is present at all stations except for
VES-12 located in the northeastern corner of the study area. The thick lower layer
of low resistivity materials is present throughout the study area. Intertill
deposits of sand and gravel were not detected at any of the stations. Borings have
established that these deposits are present locally. These relatively thin, dis-
continuous deposits cannot be detected with surface electrical methods where they
aée interbedded in thick deposits of glacial till.

At a few stations, the electrical measurements at large electrode separation

distances indicated a deep layer of high resistivity materials (the limestone bedrock).
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An example shown in figure 4 1s the “true" resistivity of 1260 ohm-feet measured for
geologic materials at depths greater than 140 feet at VES-52. A resistivity value

of this magnitude is reasonable for the limestone bedrock. However, the available
space 1in the study area did not allow the long current electrode separation distances
necessary to accurately characterize the deeply buried limestone bedrock. Also, the
very high resistivity of the limestone bedrock 'masks'" detection of the overlying
basal sand and gravel deposits.

Table 1 compares the thickness and depth interval for the middle high resistivity
layer (sand and gravel) at VES stations to the thickness of sand and gravel reported
in drillers records for shallow borings at nearby locations. The approximate dis-
tance separating the VES stations and the borings is listed in the table. The
layering parameters determined for the VES-profiles compare well to the drillers
records, especially when the VES station and the boring are located close together.

Because of the significance of the drainageways to shallow groundwater flow
systems and also because the shallow geologic materials can vary greatly over short
lateral distances, i1t was necessary to locate VES stations between the drainageways
and the metal fence that surrounds the ECC Site. The affect of the metal fence on
the electrical measurements is problematic and was a reason for the decision to take
all measurements with the VES method. |

Table 2 presents the range in layering parameters determined for geologic
materials in different parts of the study area; the values determined for the
traverses in the immediate vicinity of the site and the landfill are evaluated
separately from the 16 regional stations where electrical interference 1s less of
a problem.

At the 16 regional stations, the "true" thickness of the middle layer (sand and

gravel deposits) were determined to vary from 14 to 60 feet. The thickest deposits
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TABLLE 1

For the Vicinlty of the Environmental Conscrvation and Chemical
Corporation Site, A Comparison of the Distribution of
Coarse-Grained Geologic Materials Interpreted from Vertical
Electrical Soundings with Drillers Records from Shallow Borings

Sand and gravelb

VES station no, Total depth Thickness Depth interval Elevation interval
or boring no. feet feet feet feet
Northwestc ‘
VES-30 115 24 2-26 884-860
ECC-1C 171 9 25-34 865-856
VES-45 115 32 19-51 873-841
Westernd = -
VES-37 35 19 16>35 868<849
ECC-5A 32 15 17>32 869<854
VES-36 80 25 4-30 880-854
North®
VES-7 115 36 16-52 878-842
SB-59 50.5 26 23-49 869-843
Northeastf
ECC-2C 165.6 20 16-36 . 871-851
VES-11 55 39 12-51 879-840
VES-15 115 21 5-26 884-863
Eastg
SB-68 30 primarily fine-grained materials, 3 feet
of silty sand in the depth interval of
18-21 feet
VES-12 80 low resistivity values—fine-grained materials
ECC-4C 165.9 primarily fine-grained materials, few thin

sand layers in the depth interval of 8-15 feet



TABLE 1 {(Continued)

Sand and gravelb

VES station no, Total depth Thickness Depth interval Flevation interval

or boring no. feet . feet : feet feet
Easth :
VES-25 150 25, 13-38 873-848
SB-79 38 _ 24 12-36 873-849
Southeasti
VES-14 80 32 _ 3-35 880-848
SB-76 28.8 >21.8 7>28.8 876<854
Southj
VES-40 50 28 2~-30 878-850
SB-57 30.5 9 0-9 880-871

" 5 23.5-28.5 856.5-851.5

Southk .
VES-29 80 25 3-28 876-851
SB-60 30 7 8-15 869-864
Southl .
SB~-54 30 23 0-23 873-850
VES-52 150 16 5-21 869-853
SB-55 25 23 0-23 872-849

The drillers records for the borings are in Appendix II. The approximate
locations of the SB-borings are shown on a figure in Appendix II.

Sand and gravel present to a depth of not greater than 60 feet.

Boring ECC-1C is located approximately 50 feet west of VES-30 and 175 feet
east of VES-45.

Boring no. ECC-5A is located along the western side of the site approximately
25 feet west of VES-37 and 60 feet south of VES-36.

Boring no. SB-59 1s located along the north side of the site approximately
10 feet north of VES-7.

Boring no. ECC-2C is located 62 feet northeast of the northeastern corner of
the site fence, approximately 100 feet northeast of VES-15 and 70 feet north-
east of VES-11.

Boring SB-68 is located approximately 10 feet north of VES-12; boring ECC-4C
is located approximately 90 feet south of VES-12.

Boring SB-79 is located within the ECC-Site on the south side of the lagoon
approximately 60 feet east of VES-25.



Boring SB-76

Boring SB-57
north of the

Boring SB-60
north of the

Boring SB-54
Boring SB-54

_9_
TABLE 1 (Continued)

is located approximately 20 feet south of VES-14.

is located along the south side of the site approximately 10 feet
location of VES-40.

i1s located along the south side of the site approximately 10 feet
location of VES-29.

and SB-55 are located in the southern part of the study area.
is located approximately 60 feet northeast of VES-52; boring SB-55

is located approximately 50 feet southwest of VES-52.



The Range in Layering Parameters—'"True'" Thickness and "True' Resistivity for
VES-Profiles at Measurement Stations in The Study Area

TABLE 2

Upper layer
(silts, clayey silts)

Middle layer
(sand and gravel)

Lower layer
(glacial t11l)

thickness resistivity thickness resistivity thickness resistivitv*
feet ohm-feet feet ohm-feet feet ohm-feet
16 regional stations
away from the ECC
Site or landfill 2-11 72-191 14-60 213-409 ~100 90-174
Stations on traverses
near ECC -Site
B-B' 3~-13 61-173 9-30 149-291 100 50~-142
c-c' 7-22 86-128 22-40 156-182 > 80 90-124
D-D' 0-16 65-150 19-51 182-281 > 90 77-137
E-E' 3-16 65-364 14-28 172-307 > 50 118-148
Stations near the
landfill on
traverse A-A' 3-5 70-120 0-39 176~294 ~100 57-115

The range does not include some anomalously low values and anomalously high values that were measured
in thin layers or at the bottom of profiles.

..01'_.
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are present In the northern and western part of the study area. The "true" resis~
tivity of the middle layer at the 16 reglonal statlons varled from 213 to 409 ohm-
feet.

At statlon no. 48 on truvérsc (-G'; two scparate sets of measurements were
taken with north-south (VES-48A) and east-west (VES-48B) alignments of the electrode
arrays. The layering paramecters for the two VES-profiles are shown in figure 6.

The layering parameters are very‘similar; the significant difference is a greater
thickness of the middle layer for VES-48A.

The VES-profiles in fipgure 1 and 2 illustrate the lower apparent resistivity
values that were measured at stations located near the metal fence surrounding the
ECC- Site. The shape of all 4 curves is characteristic of the 3-layer case where
the middle layer has higher resistivity, but the apparent resistivity values are
systematically lowered for the stations that are located near the metal fence. The
range of values listed in Table 2 demonstrate that the 'true" resistivity values for
the middle layer are lower for stations near the ECC--Site than for the regional
values. The lowest values were for stations located along traverse C-C' on the north
side of the site between the metal fence and a woven wire farm fence. The ground
surface and fences were wet from a rain storm whén measurements were taken along this
traverse. The systematic lowering of the 'true" resistivity values for the middle
layer 1s also evident when the strip records in figures 7 and 8 for stations along
traverse F-F' and D-D' are compared. The stations on traverse F-F' are located 20
feet west of traverse D-D' on the west side of the drainageway.

An important control on the resistivity of sand and gravel deposits is the
ionic strength of the contained groundwater. Therefore, water quality data from
monitoring wells in the vicinity of the ECC Site were acquired from the Indiana
Department of Public Health to investigate the possibility that the lower resistivi-

ties near the ECC Site were due to the presence of contaminants that had increased
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the fonic strength of the shallow groundwater. Analyses for chloride, total dis-
sulved solids auJ apecifle conductance are tabulated for proundwater samples from
9 shallow monitoring wells in the study area on a map in Appendix III.

the values for chloride, total disgolved solids, and specific conductance
for groundwater from 2 wells located north of the site (no. 58 and no. 59) and 1
well on the site (no. 57 located south of the lagoon) are very similar to values
for those constiuents in monitoring well no. 37 located in the grass field west of
the site. Specific conductance vatries from 560 to 620 u siemens/cm for the 3 wells
in the vicinity of the site compared to a value of 605 y siemens/cm for groundwater
from well no. 37. Higher values for chloride, total dissolved solids and specific
conductance were measured in 2 wells located immediately south of the ECC Site.

For specific conductance the values range from 585-670 u siemens/cm at well no. 57
and from 1060 to 1230 u sieﬁens/cm at well no. 60. Note that the highest concentra-
tion for the three constiuents were measured in shallow monitoring wells located in
the southern part of the study area. Specific conductances of 1300 and 1500 u
siemens/cm were measured at well no. 56 and no. 55 respectively.

The increase in ionic strength in groundwater south of the site is sufficient
to cause a decrease in the resistivity values measured for the sand and gravel
deposits. However, the decrease that has occurred is not evident in the "true”
resistivity values at either station no. 29 that is located near monitoring well
no. 60 or at station no. 52 that is located in the vicinity of monitoring wells
no. 55 and no. 56. The decline in resistivity that has occurred cannot be evaluated
without values for baseline resistivities before the contamination occurred.

It is highly probable that electrical interference by the metal fences is the
major reason for the lower resistivity values at stations near the ECC Site. Al-

though the "true" resistivity of the middle layer is lowered at these stationms,
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the depth bnterval ol che layer covrelates well with sand and gravel deposits

reported in drillers records for nearby horlnpgn,  Examples llated Ln Table 1 are

VES-37 and ECC-5A on the western side, VES-7 and SB-59 on the north side, VES-25

and SB-79 on the cast side, VES-40 and SB-57 on the south side and VES-29 and SB-60

at the southeast corner of the site, The data indicate that sand and gravel deposits

are present at a shallow depth throughout the vicinity of the ECC Site; at depth -
the sand and gravel deposits are underlain by thick deposits of glacial ti1l1ll. The
"true" thickness of the sand and gravel deposits ranges from 10 to 50 feet. The

thickest deposits werc prescent at statlons located on the north, east and southeast

sides of the site.

The shallow sand and gravel deposits are absent in a locality that is directly

east of the northeastern part of the ECC Site on the eastern side of the unnamed

drainageway. The low "true" resistivity values determined at VES-12 shown on traverse

A-A' in figure 12 indicate that the geologic materials to a depth of at least 80 feet

are primarily fine-grained. This interpretation is supported by the drillers records

for two borings (SB-68 and ECC~4C) that are located in the same locality. The data
indicate that in this locality the sand and gravel deposits terminate a short
distance east of the ECC -Site approximately along a line that 1is marked by the
drainageway. The southern distance to which the sand and gravel deposits are
absent on the east side of the drainageway is not well-defined. The layering para-
meters determined for staions VES~13 and VES-14 indicate that the middle layer

(sand and gravel deposits) is present in the southern part of traverse A-A'. This

Interpretatlon is supported by the drillers records at boring SB-76.

VES=-13 Is located approximately 110 feet south of boring ECC-4C.
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- Conclusions

A surface elcctrical earth resistlvity invcstlgntion'in the vicinity of the
ECC Site identified 3 layers in the unlithified geologic materials present to depths
of greater than 100 feet-—1) an upper layer of low resistivity materials interpreted
to be silts and clayey silts, 2) a middle layer of high resistivity materials inter-
preted to be sand and gravel, and 3) a thick layer of low resistivity materials
interpreted to be fine-grained glacial till. The lower layer is present throughout
the entire study area. The middle layer (sand and gravel) occurs over most of the
study area and is only known to be absent in a small locality in the northeastern
part. Thickness of the sand and gravel is interpreted to vary from 0 to approximately
60 feet. The thickest deposits are presgent in the northern and western parts of the
study area. The resistivity values indicate that the sand and gravel deposits are
present throughout the vicinity of the ECC Site.

Because of the absence of baseline values, the resistivities measured in the
study cannot be related to the presence of contaminants in the shallow groundwater.
Electrical interference by the metal fence is believed to be the major reason for
the lower resistivity values measured for the middle layer in the immediate vicinity
of the ECC Site. A significant aspect of the field study was the finding that the
layering parameters of geologic materials to depths of greater than 100 feet can be
determined from vertical electrical sounding measurements taken at stations that

are located within 5 to 10 feet of metal fences.
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Plate 1. The Study Area for the Surface Electrical Earth Resistivity Investigation
in the Vicinity of the ECC-Site. The Map Shows the Locations of VES
Stations and the Traverse Lines for Geoelectrical Sectioms.



APPENDIX

Apparent Resistivities® For Vertical Electrical Sounding

Prof {les At Statlons lLocated On The Environmental Conservatlon

And Chemical Corporation Site

Current
electrode Vertical electrical sounding station no.**
separation 1 2 3 4 5 6
distance
(feet) apparent resistivity (ohm-feet)
6.6 92.20 75.47 114.76 192.14 120.13 96.43
9.6 101.84 81.93 115.06 203.09 113.61 99.61
14.2 139.89 102.46  128.57 167.18 113.22 102.79
20.7 165.08 112.40 147.99 161.17 116.86 111.48
30.4 178.56 134.11 161.60 164.75 124.90 120.17
44.6 195.75 158.71 179.61 172.10 134.74 126.41
65.6 215.92  189.94 205.45 190.69 145.79 132.02
96.4 223.95 210.83 216.90 213.23 141.66 125.98
141.4 227.33 211.59 222.44 209.85 137.49 119.91
207.4 225.20 223.56 201.22 208.21 122.18 105.51
304.6 222.28 227.14 188.00 91.08
447.0 116.34
656.0 98.38

*Apparent resistivities in ohm-feet as a function of the distance separating

the current electrodes in feet (Schlumberger Electrode Array).

**I'he locations of the stations are shown on the base map.



APPENDIX T (Con't)

Apparent Reststivities For Vertical Rlectrical Sounding
Statlons Located On The lEnvironmental Conservation
And Chemical Corporation Site

Proflles At

Current
electrode Vertical electrical sounding station no.
separation 7 8 9 10 11 12
distance
(feet) apparent resistivity (ohm-feet)
6.6 104.99 82.26 118.24 119.78 125.91 85.21
9.6 108.86 97.97 113.25 131.95 134.48 90.29
14.2 113.42 100.04 109.74 128.47 142.77 87.77
20.7 114.27 101.71 106.20 124,44 151.04 99.31
30.4 116.41 112.60 115.91 131.29 153.14 88.88
44.6 119.81 126.05 121.55 134.48 155.24 92.33
65.6 125.39 135.59 133.56 137.62 154.68 87.67
96.4 135.39 139.49 137.33 147.66 154.09 114.34
141.4 . 142.74 139.03 133.66 146.22 148.02 69.99
207.4 130.08 132.18 144.74 48.74
304.6 126.80 115.91
447.0
656.0

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes In feet (Schlumberger Electrode Array).



APPENDIX T (Con't)

Apparent Resistivities* For Vertical FElectrical Sounding
Proflles At Statlons Loeated On The Environmental Conscrvatlion
And Chemical Corporation Site

Current
electrode Vertical electrlical sounding statlion no.
separation 13 14 15 16 17 18
distance
(feet) apparent resistivity (ohm-feet)
6.6 111.61 72.48 118.34 131.98 116.73 196.20
9.6 117.32 75.99 117.55 140.54 108.60 161.50
14.2 120.63 91.61 114.76 138.15 118.04 144.94
20.7 123.95 106.76 118.80 139.36 118.30 128.34
30.4 146.55 135.98 136.02 143.92 118.53 125.82
44.6 156.48 159.24 142.38 155.37 120.14 129.88.
65.6 166.39 183.45 147.30 162.36 131.00 125.00
96.4 166.75 178.69 138.21 156.02 126.41 125.06
141.4 148.84 139.89 129.13 141.63 115.88 108.40
207.4 130.90 129.03 120.63 82.13
304.6 129.06 128.93 71.56
447.0 127.19 122.08
656.0 105.51 115.19

*Apparent resistivities in ohm-feet as a function of the distance separating
the current clectrodes in feet (Sehlumberger Electrode Array).



Apparent Reslstivitles* For Vertlcal Electrlical Soundling

APPENDIX I (Con't)

Profiles At Stations Located On The Environmental Conservation

And Chemical Corporation Site

Current
electrode Vertical electrical sounding station no.
separation 19 20 21 22 23 24
distance
(feet) apparent resistivity (ohm-feet)
6.6 1 128.96 153.89 96.49 109.58  92.29 106.00
9.6 119.16 144.71 109.12 117.39 107.55 110.10
14.2 116.07 130.97 122.67 125.19 121.91 120.47
20.7 119.75 132.54 136.18 136.90 136.28 128.31
30.4 129.16 134,11 144.32 148.58 150.68 138.41
44.6 142.02 145.79 152.45 164.62 160.35 151.14
65.6 113.84 157.47 153.43 161.08 163.14 149.86
96.4 85. 64 150.09 137.56 145.27  142.94 142.64
141.4 74.78 134.64 117.62 105.18 120.67 113.32
207.4 118.17 93.31 84.78 89.83 89.60
304.6 101.71 ~86.16 79.11
447.0 87.51 88.46
656.0 82.82 64.94

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in Teect (Schlumberger Llectrode Array).



Prollles At

APPENDIX 1 (Con't)

Apparent Reslstivitles* For Vertleal Electrlecal Soundlng
Statlons Located On The Envivonmental Conservatlon
And Chemical Corporation Site

Current
electrode Vertical electrical sounding station no.
separation 25 26 27 28 29 30
distance
(feet) apparent resistivity (ohm-feet)
6.6 161.54 84.82 184.00 177.28 97.41 119.22
9.6 153.53 103.15 167.28 156.98 103. 64 130.18
14.2 145.50 113.88 150.55 143.92 107.71 151.60
20.7 140.64 120.11 158,55 147.07 137.30 184,04
30.4 146.35 126.34 166.52 154.45 151.07 205.68
44.6 152.06 146.55 180,26 165.90 166.46 204.60
65.6 159.90 148.35 194.01 171.28 181.84 203.75
96.4 164.39 148.25 182,23 164.39 172.23 194.17
141.4 141,63 121.68 160.88 141.63 162.62 193.02
207.4 125.46 92.03 123.78 112.89 135.26 148.87
304.6 109.25 71.20 86.65 139.40
447.0 105.05 210.14
656.0 212.38

*Apparent resistivities in ohm-feet as a function of the distance separating

Lhe current clectrodes In feot

(Schbamberper Blectrode Array).



APPENDIX I (Con't)

Appareant Reslstlvities* For Vertleal Electrical Soundling
Profiles At Stations Located On The Environmental Conservation
And Chemical Corporation Site

Current
electrode Vertical electrical sounding station no.
separation 31 32 33 34 35 36
distance
(feet) apparent resistivity (ohm-feet)
6.6 188.56 89.77 95.12 115.65 97.87 72.35
9.6 " 189.45 95.08 108.76 118.60 121.03 91.24
14,2 190.30 100.56 114.17 121.52 140.97 112.97
20.7 201.22 116.83 121.39 133.20 160.91 144.51
30.4 200.44 142.41 138,25 147.30 178.46 171.74
44.6 207.68 159.24 162.03 171.41 180.92 182.49
65.6 199.68 172.10 177.77 183.45 183.45 189.94
96.4 188.20 167.96 179.87 188.20 171.54 176.30
141.4 174.88 152.12 166.13 167.87 153.89 150.38
207.4 156.32 123.19 134,18 130.90 128.34 125.75
304.6 143.17 101.71 107.71 101.71 109.25
447.0 188.01 132.71 143,76
656.0 178.60

*Apparent resistivities in ohm-feet as a function of the distance separating
the current clectrodes in fecet (Schlumberger Electrode Array).



APPENDIX 1 (Con't)

Apparent Reslstivities® For Vertleal Eleetrieal Soundlng
Profiles At Statlons Located On The Bavironmental Conservation
And Chemical Corporation Site

Current
clectrode Vertical electrical sounding station no.
separation 37 38 39 40 41 42
distance
(feet) apparent resistivity (ohm-feet)
6.6 140.22 302.77 502.66 98.95 116.73 135.59
9.6 143.40 251.34 310.41 125.91 129.26 133.43
14.2 145.66 -168.75 233.79 128.18 137.69 134.84
20.7 150.25 129.85 161.90 139.36 146,51 144.09
30.4 154.84 137.13 171.41 155.96 165.83 162.06
44.6 160.35 152.06 194.66 172.33 189.97 188.23
65.6 161.54 166.39 210.24 168.03 212.05 217.16
96.4 167.96 160.81 182.23 160.81 216.18 218.41
141.4 155.63 203.39 205.91
207.4 180.53 175.84
304.6 153.76 145.96
447.0 199.68
656.0 186.17

*Apparent resistivities in ohm-feet as a function of the distance separating
the current clectrodes in feot (Schlumberger Flectrode Array).



APPENDIX I (Con't)

Apparent Reslslivitles* For Vertleal Electrlcal Soundling
Profiles At Stations Tocated On The Environmental Conservation
And Chemical Corporation Site

Current
electrode Vertical electrical sounding station no.
separation 43 44 45 46 47
distance
(feet) apparent resistivity (ohm-feet)
6.6 95.84 71.01 107.22 114.93 140.18
9.6 106.20 76.12 122,08 122.67 152.45
14.2 126.60 109.81 151.79 126.47 164.72
20.7 150.38 125.55 157,07 147.50 175.54
30.4 174.59 156.16 177.38 160.94 186.20
44.6 190.30 186.82 197.42 184.13 196.86
65.6 211.56 220.74 210.24 209.19 208.60
96.4 207.19 231.89 225.86 227.89 216.80
141.4 192.73. 218.21 228.38 216.84 225.59
207.4 172.79 181.64 227.40 193.02 213.03
304.6 136.02 151.47 216.77 — ¢ 192.14
447.0 254,40 287,30 205.65
656.0 219.16

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in feet (Schlumberger Electrode Array).



APPENDIX I (Con't)

Current
clectrode Vertleal electrilcal sounding statlon no.
separation 48A 48B 49 50 51 52
distance
(feet) apparent resistivity (ohm-feet)
6.6 150.15 142.88 89.28 139.66 254.88 125.91
9.6 146.51 138.19 77.90 128.05 202.50 159.34
14.2 152.12 154.23 89.70. 135.95 174.88 167.34
20.7 159.14 162.23 108.83 157.63 169.41 196.34
30.4 192.14 188.73 131.46 179.54 181.22 216.48
44.6 206.83 201.29 159.80 201.42 210.14 230.58
65.6 226.48 220.81 189.94 226.35 237.04 241.63
96.4 228.71 228.71 210.83 234.12 229.89 237.14
141.4 220.35 215.10 218.61 218.87 215.10 227.33
207.4 207.91 201.49 189.94 203.58 205.85 214.38
304.6 202.70 188.37 234.45
447.0 170.36 291.72
656.0 137.99

*Apparent resistivities in ohm-feet as a function of the distance separating
the current electrodes in feet (Schlumberger Electrode Array).



APPENDIX II

Drillers Records for Borings in the Vicinity of
the ECC-Site

The location map and the records for the SB-borings
are from records on file at the Indiana Department
of Public Health.

The drillers records for the ECC-borings were provided
by the Milwaukee Office of CH2MHILL.
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ATEC Assoclates, Inc.

V Comutting Geotechacal § Meter wsh Engnsers

Northside Sanitary Landfill

CLIENT

LOG OF BORING NO._58-34

JOB NO. __21-21043

PROJECT NAME

Water Survey

START DATE._A-9-82___

PROJVECT LOCATION _Zionsville, Indiana

BORING LOCATION

FINISH DATE 8-9-82

J. Heffelmire

STD. PENETRATION

BORING METHOD HSA___

g
FOREMAN Z |ROCKCOREDIA.______IN
INSPECTOR . _ z sg * ‘5 SHELBY TUBE DIA____|
SOIL /ROCK DESCRIPTION E S 5 5 §§§ a BORING AND
SURFACE ELEVATION DATUM F2| § |¥| savPLING NOTES
-
H Browd et SAND and GRAVEL ,
i a;
H : 1 75
a v 2/3
i T Ho
| ~l 2 6 100
: A 11/11
i 3 15 {100
a ; 18/25
| 4.8 |
M " 4 18 | o0
M 27/34 '
= ]
- Cobbles @ 23.0° !
| 23.5 i
1 Gray moist HARDPAN 5 37 100 ]
H 25- 43/47 |
5 ‘ i
H !
a 6 27 |00 f
| Bottom test boring @ 30.0' Tl P
s
g
- -
1
Iq
WATER LEVEL OBSERATIONS BORING METHOD *THESE SHELSY TUBE
MSA = HOLLOW STEM AUGER
NOTEODON ROOS __ 6.0 FT. CFA ~ CONTINUOUS FLIGHT AUGER iﬁ'ﬁh‘n& ,25’,”3'3‘.3,,'&
D¢ = DRIVEN CASING DRILLED A FEW FEET
MO — MUD DRILLING FROM TH!S BORI

AT COMPLETION _____FT

P e -

-

RC — ROCK CORING



ATEC Associates, Inc.

V Comuiting Geotechnes! & Materwsh (nmoon

LOG OF BORING NO.

SB-55

CLIENT Northside Sanitary Landfill JOB NO. 21-21043
PROJECT NAME _____Water Survey START DATE_8-10-82
PROJECT LOCATION__Zionsville, Indiana FINISH DATE 8-10-82
BORING LOCATION BORING METHOD _HSA
FOREMAN J. Beffelmire STD. PENETRATION| § | pock CORE DIA. P
INSPECTOR . g | & 4 3 g SHELBY TUBE DIA____IM
LIS |ee v
SOIL/ROCK DESCRIPTION Es g 5 gg g BORING AND i
SURFACE ELEVATION DATUM . ¥ SAMPLING NOTES .
Black wet SARD Organics ) |
= <~ f
i i
1 1) 3 75 %
bt 6/8 {
1 'a:
H v .
- e.
H 9.7 Jeve 2 176 100 i
"] Gzay wat-RAMD . /
4 _]13.5 ¥t
F Gray wet SAND and GRAVEL® Y 3 34 75
i ; 16/15
bt 1 Cobble at 20.0' !\ud )
1 T drilling after cobblc
B '
i 1 4| 16 | 25
1 4§ 15/45
M 23.5 f!f Cle P e s N T
; Brown and gray moist weathered HARDPAN S 3" spoon ;'“C o =
25- - -
| Bottom test boring @ 25.0'
1
=
. 4
-
i i .
F -
H
F
r-d
WATER LEVEL OBSEMATICNS - mm:t“”:m *THESE SneLBY TUBE
- M R
NOTED ON m__.l..s_n. grcl: mm&lcm AUGER iﬁ'ﬁ}ﬁfn BORmG
AT COMPLETION ____FT MD — MUD DRILLING ILLED A FEW TEET

e

-

PC — PACK CANINA



ATEC Associates, Inc.

v Comuiting Georerhaicsl § Mergresis | agnoes s
LOG OF BORING NO.s2-57

Jiwdl 4 uopPK'83

CLIENT 1tary Landfil) o Sd i e JOB NO. _21-21041
PROJVECT NAME ____Mater Suryay START DATE 8al0nf2e
. PROVECT LOCATION _Zionaville, Indiana FINISH DATE 8-10-82
BORING LOCATION km Ta BORING METHOO __BSA___
FOREMAN J. Heffelnire - PENETRATION| £ | RoCK CORE DIA. N
INSPECTOR g | %% ' ! SHELBY TUBE DIA____IN.
TR
SOIL/ROCK DESCRIPTION gE E ; g‘e’ E & BORING AND
O— X
SURFACE ELEVATION BATUM 53 FX| ¥ |3| SAMPUNG NOTES
Brown and gray SILTY SAND
»
F
H 1] 3 75
- 5-‘ 3/5
-1
¢ T 8.5
" Gray moist SILTY CLAY with Gravel < 7 100
H 10- 8/9
-
5 3 4 100
- 15+ 5/8
M Wet gray SAND and GRAVEL e 4 ] 80
H #et gray SILTY CIAY 207 4/3
H 23.5 Hard d4rilling @ 24.5'
'l Gray wet S5AND and GRAVEL 5 10 100
b4 . 25 - 9/16 :
b
&
H _Jm_
| Gray HARDPAN 6| 28 75
i 304 45/65
s 7 300# hammer 3" spoon
b 35
' Gt ova e LR
PR S
H 0 -
BORING SIETHOD
WATER LEVEL OBSERVATIONS *THESE SHELSY TUBE
: . MSA - MOLLOW STEM AUGER
NOTED O ROCS _14.0_FT. C7A - CONTHLOUS FLIGHT AGER ;A'&EE.RE‘%‘!..’&
AT COMPLETION ______FTL MO — MO DRILLING PR Fais somng
AFTER __MRS ______FT Fy Pty ' SR el e



A'IEC Assoclaies, Inc.

V Conwtting Geotechncal B Matersoh ln'n.u

CLIENT Northside Sanitary Landfill

LOG OF BORING NO._58-39

' page 1 of 2

JOB NO. 21-21043

PROVECT NAME __Nater Survey

START DATE _8-12-82

PROVECT LOCATION__Zionsville, Indiana FINISH DATE _a-12-82
BORING LOCATION BORING METHOD_HSA
INSPECTOR . g | zg 3 5 SHELBY TUBE DIA___IN
SRR F
SOIL/ROCK DESCRIPTION g s E § g gs 3 BORING AND
SURFACE_ELEVATION DATUM & EX| ¥ |8] SAMPUNG NOTES
-
4 i
M Brown moist SILTY"SAND with trace of 5+ 6/8 :
M4 Ay \
-4
1 8.5
i 21 9 |00
4 Brown moist S¥LT? SANDY TLAY with 10+ 16/19
{ Gravel
-
1 31 6 1100
B 15- 9/13
i v
i 90 [1
- 20—
. 23.5
H Gray weu-SM® ani-COVED 4 2 20
1 4/6
r .
.
i 5 1S |1lo0
[ 121726 -7
F
! 6| 15 |00 2 /
: 19/26 .. -A:, wj'-l
1 R 38.5
Cray entriineriii 71..1¢ |00
e 22/29
BORING METHOD
WATER LEVEL COSERWATIONS HSA - Nt O SEw ¢ THESE SHELBY TUBE
NOTED ON ROCS __17..5 FT. CFA - CONTINUOUS FLIGHT AUGER AL S atiNG
AT COMPLETION ______ I gg_g;gg;&,s,;gs DRILLED A FEW FEET

APy o



ATEC Associates, Inc.

v Consviting Geotechnical & Myierwh twl

CLIENT Rorthside Sanitary Landfill

A et e iy g Mo A

LOG OF BORING NO._5B-59

. page 2 of 2

JOB NO, __21-21043

PROJVECT NAME Water Survey

START DATEQ-12-82

PROJECT LOCATION __Zionsville, Indlana

FINISH DATES-12-82

BORING LOCATION

BORING METHOD __MSA_

| g
FOREMAN 3, Heffelmige STD. PENETRATION] £ | RocK CORE DIA. N,
INSPECTOR el ¢ |EX ? g SHELBY TUBE DIA____IN

[
- | Y]
SOIL/ROCK DESCRIPTION gf E 5 gg g ; BORING AND
SURFACE ELEVATION DATUM 3 FE| ¥ SAMPLING NOTES
= )
: Gray Wet fine SAND . ,
i s| 20 | 30 Very hard drilling
i £ 15/30 @ 45.5'
s
- 40.5 |
" Gray moist HARDPAN 9140/50 ] 100 3" spoon below 49.5'
™ 50+ 0.4 to 50.5' .
: Bottom test boring @ 50.5°
bt
-
- -l
- -
-
oy -
-
!
- -
! !
: ;
e :
s - ;
=
! s
H
WATER LEVEL OBSERATIONS SORING METHOO . €
HSA - HOLLOW STEM AUGER S Tt

NOTEO ON RODS _17.5 pr,
AT COMMLETION ______FT

sy o m ' -

CFA ~ CONTINUOUS FLIGHT AUGER

DC — DRIVEN CASING

AN AUXIL!ARY BORING
ORILLED A FEW FEET
FROM THIS BORING



ATEC Associates lnc.

LOG OF BORING NO.5B-60 __

CLIENT Northside Sanitary lLandfill JOB NO. 21-21043
PROJECT NAME ___Water Survey START DATES£-12-82
PROJECT LOCATION _Zicnsyille, Indiana FINISH DATEB-13-82
BORING LOCATION BORING METHOD__HSA
POREMAN 5. heffelnirs STD. PENETRATION| € | pocK CORE DIA. N,
INSPECTOR v lelg | E2R] & 3 SHELBY TUBE DIA____IN.
. |y v
SOIL/ROCK DESCRIPTION EE 5 ; gg ] BORING AND
SURFACE ELEVATION DATUM | £ %] samPuNG NOTES
H bark gray moist SANDY sTLT with trace
1 of Clay
- 90 1
v < 54
- ’,
i S
- 805
H Gray wet SILTY SAND and GRAVEL R T R P
1 . 10+ 11/11
-
i 131.5
H wet ' and_GRAVEL e 2] 13 |,
M Gray wet fine SAND /] 15 38/48
1 Gray moist HARDPAN Twist off €17.0'
- back 3.0' redrill
i 31 20 |00
i 201 33/57
=
1
! = 4| =
1 .5
i b
| S
5 50 - = '
M 30-‘ .0_0—3. . » -
: Bottom test boring € 30.0° - -
4
§ -y
r
-
WATER LEVEL OBSEMWAT BORING METHOD
e omson 278 . T R . £ 0 1
AT COMML S 5.0 ¢ Sf:‘: BRIVEN CASING | ~CER A W FEET
oM F MD — MUD DRILLING DRILLED & EEminG

apven sy -— 'C - poc' CMWG o



ATEC Assoclates, Inc.

— v Coneviting Georechmics! & Mereruts § npasers '
: LOG OF BORING NO.

CLIENT side Sanitary Landfill ' JOB NO, 21-21058
PROJECT NAME landgill START DATE_10-22-82
, PROVECT LOCATION ___Zicnavills, Indiona FINISH DATE 10-22-82
— BORING LOCATION BORING METHOO __HSA
A e FOREMAN E._Tomax ISTO. PENETRATION| € | g Come 1A, — T
INSPECTOR_ e | g [=2e| # ! SHELBY TUBE DIA____I¥M
. & w | 2°®
> ‘3 1
= SOIL/ROCK DESCRIPTION ;z s § gg g 8 BORING AND ;
SURFACE_ELEVATION DATUM 3 ¥ |3| SaWUNG NOTES |
: - i
_ | Brown CLAYEY SILT with Gravel :
1 i
- 7 100
‘ 1 5 8/11 I
. ]
- H 7.5 |
:Guy SILTY CLAY with Gravel 3 4 75 !
- 10 - 9/12
= |
; E 12.5 |
N | Gray BANDY SILT with Gravel 3 0 25 |
— . 15 4 12/15
1 18.0 .
— J | {Gray wet SILTY SAND with Gravel 2 12 75 n
~ K 21.0 20 15/17
L =4 ‘
| |Gray SANDY SILT with Gravel ;
H S 18 S0
i 25 20/27 j
i |
— : Set observation well |
i 1 26 l100 ©28.5°* .
: 30 4 31/36
i | {Bottom test boring @ 30.0" i
H i
e -
i |
WATER LEVEL OBSERWKTIONS &-z:_”;fum . * TMESE SHELBY TUSE
woTEDONMODS _13___FT. CFA ~ CONTINGOUS FLIGHT AUGER g ey e A
a7 CourTiown 121 Vo =t B BRAL 10 S5
- AFTER ___wms T ) Py GRS N IPR



Comuiting Gestachnics! & Materish £ agases

AT;EC Assoclates, Inc.
\7/

A LOG OF BORING NO._76_____
i CLIENT, Northside Sanitary Landfill JOB NO, 21-21058
i PROVECT NAME Landfill START DATE_10-26-82
_ PROJECT LOCATION__Zionsviile, Indiana FINISH DATE _10~26-82
BORING LOCATION . ___ BORING METHOO __HSA
ARt e e o FOREMAN E. lomax FBE.IMIMIQ ROCK CORE DIA._____Jt:
* o . INSPECTOR e g |sZp| % ! SHELBY TUBE DIA___ I’
' - lw | 8® .
[ ]
- SOIL/ROCK DESCRIPTION Es’ S ; §§ § BORING ANO
1 SURFACE_ELEVATION GATUM %| SAMPLING NOTES
- [1Brown moist sANDY cTaY
H 1 2 25
! : 5= 1/3
e 1 7.0
1 Gray SANDY SILT with Gravel and sand 3 6 75
; | seans (5'0 thick) 104 9/10
= T
:
-
— - 3| 11 |100
1 15+ 19/29
¥
— 4 4 13 |100
. 20+ 32/35
4’ -
- -
M 5 29 50
a 25 47/50
H 0.4
— ; Set observation well
028.5'
] 8ottom test boring ¢ 28.8° ]1°¢ -0—5% 100
-
r-l
1
Napes’ F N
= ‘o X ! BORINS METHOO
o R0 WATER LEVEL OBSEMATIONS — HOLLOW STER AUGER * THESE SHELEY TUBE
b > WOTED ON ROOS_13 __rT. g-m'&m AUGER a}?ié[ng:: F:'a' 'E:_'é
— AT COMPLETION ______FT MD— MUD DRILL ING FROM THIS BORING

MNTER___WRS _______FY RE = MOCK CORING e
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APPENDIX TI1

The concentration of chloride and total dissolved solids and the specific
conductance in groundwater samples collected from monitoring wells in the
vicinity of the ECC-Site. The data were tabulated by personnel of the
Indiana Department of Public Health from analyses on groundwater samples

collected in late fall and early winter, 1983.
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APPENDIX B

BORING LOGS



[

CH2M PROJECT NUMBER BORING NUMBER

ssHILL Wes230.C % £Cc- /A seer  / oF &
SOIL BORING LOG

PROJECT 2L L ArmiEDiAL  INYESTIGATION LOCATION NMORTAIECT  —oxWEKR

ELEVATION 887 Q0 DRILLING CONTRACTOR __LUATZECD DE/LL/ivg L O,

DRILLING METHOD AND EQuipMenT _CMF 350 /?/G, HSsA 7o 36 ’F[Q "o.D. 2 %" I.D.

¢ .
WATER LEVEL AND DATE £:9 — é/'/e%— 1440 HRS  sTART &/ /7583

4

:

tosgen Bt Loveer

FINISH ;
SAMPLE ENETRATION SOIL DESCRIPTION COMMENTS
5 w o a z RJ:USJTS NAME. GRADATION OR PLASTICITY, o DEPTH OF CASING,
= 0| 2|28 ¥ [Brows | PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE,
| E3% | = | g2 | 3 BLows MOISTURE CONTENT. RELATIVE DENSITY 1 DRILLING FLUID LOSS.
@l sz £ [ 3] 9 FER OR CONSISTENCY, SOIL STRUCTURE, 29 TESTS AND
| esa| z | Fz| ¥ (o 'NZHES MINERALOGY. USCS GROUP SYMBOL 53 INSTRUMENTATION
N ' Sawcy siTY CLAY, Ehoco A BlACK, AL
. / IS /8, 9*3—5{5 MossT TDPSore W TH GRALE KooT S ' V i E
PR (1) /o /_ 1/44 ]
1 ., | SwrY CLAY, MoTTLED  Rown A }‘/ ]
ss-2 1 /4 13-3-3-6 GRAY | MorsT, MEoum STIFE '/
7T TRACE  SAND 1 ]
— -3V 1y \7ra-r8-23 (C L) . -
G - / -
. $s-4\ /5 \9-14-18-19 75 T ¥ .
8 Siry CLAY ERAT, MoisT, H -
- ) "’ Eoium STIFF, Somes SAND
$-571 /8 1528-9-/2 Al ’ v B
/o { a/) - /&/ —
. $5-6 2/ 5:7:8-/5 //,5-’ h Il// 547/,,(',..'7{5" “orL AT //-5,"
/2 SitTY SAND, FINE GRAY, wWET I S i
" MEDIUM  DENSE L d
Vid = -
; SuTy CLAY GRAY, WET, ///
| BN/ |3-T/e 1) mEDIumM STIFF, THRACE SAND 7] / -
/6 4 J
, (cL-ML) 15
1 s |22 g s R ]
r g Swery cLay, €RAY, WET, _/?(
s o, SomE SawD, MECIaM  STIFE [
-1 [ 1] Y . - -~ -
20— —+4 /‘ -
(/) s
i e -
22 1 —4 .
r,/l )
- 17 |
294 s -/"" .
i ) 250 [ o |
S v/ /G /782 sAN.D, FINE TD MECIL M, GRH‘/) . SpuL  islrrddn
o - ; e OF
il EPE MoisrT 7D WET, DEWSE L ::m ’ ":’{M ' A
4 Lo = STIM - mo 21 L i
(sP‘ S"\,) g 9' ! e NwWeTrL J LS sl
L P it B s e g = o T
el STy CZ/)Y} MoTTCED 7HM Aup - 7’“ & 7 ‘ _K’“"' g
] ss-i2l 11" | ¢-8-/0 Coword Morsr 70 WET, st |70 s S i
4 8604
:2 CL-ML) 1 .
REV 11/82 FORM D1586




PROJECT NUMBER BORING NUMBER
HoM

g:HILL Wes5230.¢73 Fec - /A sneer 2 oF R

SOIL BORING LOG

prosECT _LECC  FEMEDIAL MIVESTIGATION LocATION JJORTHWEST  COKNER
ELEVATION 28720 DRILLING CONTRACTOR __ AHATECO DRIcLING (O,

DRILLING METHOD AND EQUIPMENT_CME_ 550 K16 | A o 35 Z4%" Rerry RIT To 40O !
4 .
WATER LEVEL AND DATE _3:5 = 6/2/8% - 0900 425 _stant &/// 83  emisn _6/2/83  Loceen W, LoVEcL

SAMPLE P ENETATION SOIL DESCRIPTION COMMENTS
TEST
3 w 2 | a > RESULTS NAME, GRADATION OR PLASTICITY, DEPTH OF CASING,
El 28] £ 28| & s PARTICLE SIZE DISTRIBUTION, COLOR. DRILLING RATE,
S| & | & | w2l 3 flows.. MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS.
wl ez P 1a2] O PER OR CONSISTENCY, SOIL STRUCTURE. TESTS AND
w Cawn z -2 o - MINERALOGY, USCS GROUP SYMBOL INSTRUMENTATION
(o - | NCHES
32 ‘ § ]
— '— -
33,5
- - - -
29 1 315 S/ry LAY, Béown - GRAY, L.
A |¢s-i3| O |25 4//-%, MoST,  SomE SAVD , TRACE T foo 6" cnsc 7]
o — — ™~ £
% {257 GoavEL, HARD ~ 23 FT THEN DEvE A

CASING  WJfBon ™ FAMMER
T2 ~29FT .
DRiuED Wf5% FTARY
N B1T Flrrt 36 TS YO FT

. (¢t I

Yo Borvsm _oF [26RNEF yoo'
= ] SET MowrTIL NG WEELT
- 4 TP AT 285 F7 -
4 - J
— - -
| N _

- — -

REV 11/82 FORM D1586



CHaM PROJECT NUMBER BORING NUMBER

ssHILL A W6ER30. €2 LFce-/¢c sveer / of &
SOIL BORING LOG

prOVECT _LCC  CGMECIAL SNVEST/GA47704/ LOCATION _ABLTHWEST  CoRNER

ELEVATION 886. 70 DRILLING CONTRACTOR __/UATECO DRILLIMNG  CO.

DRILLING METHOD AND EQUIPMENT__CAME - 650 K16 ASA 7> 8 Aothiy AT Weteal WJATEe T 30

[} ’ .
WATER LEVEL AND DATE iV'QrZBl83 -0800HRS __ stanT £/42/83  rmisn /3733 \occen L4 Jortriton/

STANDARD

SAMPLE P ENETRATION SOIL DESCRIPTION COMMENTS
TEST
g w 2 o x RESULTS NAME. GRADATION OR PLASTICITY, 7] DEPTH OF CASING,
=l £29 < 2L | 9 &Lows ‘ PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE,
< Fox E w8 |4 MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS.
Ll &2s% = =] Q (Z ¢ OR CONSISTENCY. SOIL STRUCTURE. 28 TESTS AND
| oom Z | FZ | & |lG-tnkHes MINERALOGY, USCS GROUP SYMBOL »3 INSTRUMENTATION
7 ’ ~! OFFSET  AD DELLES 1
NIT SAMPLED fRotd 0 7O 5.5
o 4 TR T SAAMILLA G
i 7O Q3.5 FIT - SEE ]
o Eec-1R LoGa R
T 5(‘}’1540‘4} Soll uwicSs
(2 - J
-t - -+
8 - - _
et ]
70 - S£T H5AS 720 8 -
"
| ] THEN PUlHED & i
4
/2 chsivg To B
4 9
/‘/ 1 - -
- _ -
/é -1 - 4
/8 . i
‘;0 - - pu—
22 4 -
2.5 ~23,5 Jore cavEd Bgo 23.5 -
s Ca— 7
24 S " . R Dyt L ",. il d T /3 -
S 55 | /8 | 6-ro-/3 SAND  FINF 70 CoAess, S| Frsere o eens I8
5Fo GCRAY, WET, MEDium DEVIE, o Dlove G Criwe T 3o
2 ’ 7ai 2007 B EL
254 SomE FINE GRAVEL L <
P E ~

REV 11/82 FORM D1586




PROJECT NUMBER BORING NUMBER

gﬂﬁm Cl65230.C 3 fee-/C sneer R of &
SOIL BORING LOG

7 eroseet Z2C  KuEps AL /WVETIGATT00/ Location AJo8rFAIEXT COLNER
ELEVATION 886.70 DRILLING CONTRACTOR __ /M ATECO DEILLING- CO,

DRILLING METHOD AND EQUIPMENT CME-53D L1, 34" DRAG BIT _BEMTOWITE MUD BElow) 3o
WATER LEVEL AND DATE 532 - &/4/83 - 0o HRS _ sTaRT _Z&,LQLFMSH _:La,{ig_meggn T. AL T3HCor/

SAMPLE ENETATION SOIL DESCRIPTION COMMENTS
z TEST
Of 8| 2 |8c| & [BESWIS | Vit SIof DISTRIBUTION, COLOR. 3 DRILLING RATE,
<| EEx| = | ZB| 3 |Blows MOISTURE CONTENT, RELATIVE DENSITY ] DRILLING FLUID LOSS.
wl 848 e |e3| 9 PER OR CONSISTENCY, SOIL STRUCTURE, 3 TESTS AND
ol 88a| z | X2 | B |fermenes MINERALOGY. USCS GROUP SYMBOL %3 INSTRUMENTATION
w5 SAMD FINE, ERAY, LOET, ] ser ¢ cAoms o
f o ' — M
I p DESE, Some Seer || B HeE o S
30 |82 so 19618 3 | cAsInG, THEA
"3/0\ <SM) 41 peove gl cASING T
. I
32 A 32.5 ,‘4v|'r 7o 3"/' .
- —W VERY HARD DRitetnG =
3¢/ 3‘/{ -? BFtoeo 3;2.{/ ~
= sury CLAY) Gﬁ/}‘/' Mor ST /
= ><ss-5 19" |R7-52-55] MARD, Sorde S, -// 1
1% TRAcE GCPAVEL %
(CA—M L) giet |
38— : - %
4395 - :
) g CLAY | GRAY, Morsr; HARD, %
ol . " - - 1
7|17 |36-3260| Ly e vo conese SAND. [ |
) AND FINE GRAVEL %
2 - i
(er) LT
= _? ]
ekl STy CLAY  GRAY, MoiST] “?1 -
q; s\ 6" (283960 | pakp, THACE SAvO ﬁ/-
| Y6.2 (c/) _% |
48— —-é -
P " CLAY | GRAY, Mors7, HARE, T~
/>< ss-6 | /8 [ 13-2/-25 SHACE SAND T%
57.0 (C /) /
5‘24 _J% |
, =
5‘/“575 spry C_LAY’ MoTTLE?D GRAY -//_ 4
1 - e /8" |s6-2v-29 | WD BRowN | MoisT, HARD, ”7 ]
T TRacE  SAND —? -
- (cL-ML) = 1
23] L 4

REV 11/82 FORM D1586



CHzM PROJECT NUMBER BORING NUMBER
— ==H"_L WQS’;Z 30, C—3 ECC'/C SHEET .g OF /p
SOIL BORING LOG
T"‘\
" pposect _LCC EmENAL SVVESTIEATION Location ALOETHEST 2N ERE
ELEVATION g86.70 DRILLING CONTRACTOR __AATECO  DEILLNG  £O.
—  DRILLING METHOD AND EQUIPMENT CME 5350 ﬂ/G; RoTARY (T BENTOMITE Muo Aeroed F0°
WATER LEVEL AND DATE ;-3 - @/5/83 ’0(020 H£S START 6 o? 83 FINISH é‘ 3/93 LOGGER IM JD/WIOA/
_ SAMPLE ENETRATION SOIL DESCRIPTION COMMENTS
z N TEST AME. GRADATION OR PLASTICITY. ) DEPTH OF CASING,
2 | 2 | 2g| & pRESME PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILLING RATE,
oz x22| 2 | 3| 3 66" MOISTURE CONTENT. RELATIVE DENSITY ° DRILLING FLUID LOSS.
wl oo = a2 | © N OR CONSISTENCY, SOIL STRUCTURE, 28 TESTS AND
— 3| 882 2 |[z2| & |Bems X MINERALOGY, USCS GROUP SYMBOL 3 INSTRUMENTATION
' Suzy CLAY, Beuk ~SRAY, Morsr A;/
j 1595 7o WET, HARD . % 1
ha - / ’” / / ; -
&0 S8\ /a2 (/17-29 (o ) 6O.5 /?
REdCTHS. SANO_ | FINE 70 cosesE, GRAY, = .
- (o820 WET, DEMSE 4 . _
o
_ $s-71/8" |/183-17]\ (sP) Yas2si .
‘ 2.5 o e
L cy oz E 1 -
Fevw - s1ery CLAY | GRAY, mors7, HARD, I
| ss-161 /37 | R5=42 SoME FiVE 7o CoARSE SAWD T 1
' ¢4 @55 4+ |
(S | (C L) R "'.I//.f/" i
; 6B —L: T "' |
— v
6f.5 SIT, 6RAT, MoiST; HARD,
: 704 UV N\ 46-57 | swace ciAy, 7RACE SAND i ]
— 4 70.5 - -
’ (!}
737 7 7
4/ . J
7245 SAT, @eown), MolsT, HARD,
- T o ssal /2" [20-2u-30) wirw Fne 70 coarse sAvD ] 1
7. D AND FIVE GRAVEL ] i
_ . ML) 1
78 - -
4797 -
745 SUT, Blowd), Mois7 HARD
~ 80 -1 4 ¢ o - " ’ / - -1 ]
DN LA /A K 6’9/5 witH  FNE 1o CeA€se SAND
, 4327 AND  ENE GRAVEL § i
- 82 - (ML) - -
? 849 gy - ]
:— By - 5/.{7: B,ch,t// MorST, HARD, |
T cotd V /8 2231275\ sumeE e <AVD ]
‘ 8¢ 575 ‘ ) - .
. (m - :
| &3 | i i
— REV 11/82 FORM D1586



(

PROJECT NUMBER BORING NUMBER
CH2M

SsHILL We5R30.L3 Fece-/¢ SHEET 4 ofr &

SOIL BORING LOG

PROJECT e LuEDIARL //(/fo;’/'ffﬁ'/&/‘/ LOCATION NOCTF/ ST CofpEX
ELEVATION 886.70 DRILLING CONTRACTOR __ YMATFE O _DRiLL NG CO.

DRILLING METHOD AND EQuiPmenT_CME 550 ,Ql@’%ﬁo‘mﬂ v wTH BevmmirE Muo Afrowd 30’
WATER LEVEL AND DATE _2-7 £ &/7/82- 0715 Hes start _G/2/82  riush f:j/éz B2 ocaen LK. TorSon/

SAMPLE e ETRATION SOIL DESCRIPTION COMMENTS
8 z ol NAME, GRADATION OR PLASTICITY ) DEPTH OF CASING,
2 Y| 2 |2g| § [ PARTICLE SIZE DISTRIBUTION. COLOR. a DRILLING RATE.
<l 2% & | E=] 3 - MOISTURE CONTENT, RELATIVE DENSITY 1 DRILLING FLUID LOSS,
wl g = aZ | © Blomiy OR CONSISTENCY, SOIL STRUCTURE. 3 TESTS AND
o| 883 | z | £z | B |[ZOu.=F MINERALOGY, USCS GROUP SYMBOL »3 INSTRUMENTATION
LT
s £ :
90 - Y7744 CM}; Blowp) - CRAY, 4/’
-1 . " _— 4 J
NS /8 [ 4620-28) mossT, vERY STIFF, TRACE il
%o SAND AID FiwE GRAVEL 11 T
9% 4 (el T ‘
- - L —
s
9/ 4 47 .
9.5 SKTY CLAY DARK GRAY, MoisT, |1 [/
. " ——— o .
$s-/6| /8 |24-Y2-Cd HARD, T#AcE sAnD, TRACE L
% CPAVEL 1 EHIIESL DRILLIMG —
76.0 FrrE VAN frwee cossess
] (c./) ‘7 NoTieEw KBfLon) §6 .
38 - / -
5
WL . 1 CLAYEY ST, Besd- GRAY, 1 ?: ]
/0 X ey ] ©o/s Mors7T HARD, Some SAND, +4~ g Roucs D&rternG , 1
1 TRACE JrmE GRAVEL 17| cotpiEs BELow 120
. o
N /- ml) igge |
/0”4 045 527, DARK GRAY, MOIST] HARD o]
H i
1 A\ s8] 11" | 37-6o/er| 7oncE ceav, rRAcE FuvE Gorver -
/%055 (ml) ~/06.5 ] 1
] T EevEs Daems
g8 AR, FINE, BlowN, WET, | Berows 106,57
/o8 — . : -
PEMSE et
VY A2 (s,a) T i
/0.0 |+
/70 cs. " / .
$s-19\ /8 \39-2%-44 sty CLAY, Bhowd, Mors; 7O q/[ i
e /
P e WET, HARD, 77AcE SAND et
= -7 L. -
(C/) P _J
- -~
Za 3 § ]
1175 SKT, GRAN, MoisT, HARD, SomE
T s/ 38—60/5 SANMO , Sort &  FnE GEHVEL i o ! i
G 47055 ( l) - Corrtrs A7 ~/le i
m
/78— 4 -

REV 11/82 FORM D1586

—



PROJECT NUMBER BORING NUMBER
CHxM

sEHILL L63R30.C3 £ec-/C sieer 5 of G
SOIL BORING LOG

erosect _LCC ATAEDIAL SAVEST 517704/ Location A P7A WECT CORMNEAR
ELEVATION 886.70 DRILLING CONTRACTOR AT CD  DEretin/G- 0
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SAMPLE SNETAATION SOIL DESCRIPTION COMMENTS
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SOIL BORING LOG
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ELEVATION B876.75 DRILLING CONTRACTOR _AMATECO DRILUING CD.
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SOIL BORING LOG
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SAMPLE ENETRATION SOIL DESCRIPTION COMMENTS
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<| g2 g | Sa| 3 6"-6"-6" MOISTURE CONTENT,RELATIVE DENSITY @ DRILLING FLUID LOSS,
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SAMPLE N ETATON $OIL DESCRIPTION COMMENTS
TEST
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<l 3 & sl 3 6"-6"-6 MOISTURE CONTENT, RELATIVE DENSITY > DRILLING FLUIO LOSS.
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PROJECT NUMBER BORING NUMBER
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SOIL BORING LOG
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CHzM PROJECT NUMBER BORING NUMBER
faHILL Wwe5230.- €5 fce -vC sHEET 2 OF G
SOIL BORING LOG
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| 22| 2 | S2| 3 566 MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,
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SOIL BORING LOG
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APPENDIX C

MONITORING WELL CONSTRUCTION DETAILS
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APPENDIX D

LABORATORY SOIL CLASSIFICATION TEST RESULTS



-

LABORATORY TESTING PROCEDURES g

Grain Size Tests

Grain size tests were performed to determine the particle size
and distribution of the samples tested. The grain size distribu-
tion of soils coarser than a No. 200 sieve was determined by pas-
sing the sample through a standard set of nested sieves. These
tests are similar to those described by ASTM D-421 and D-422. The
results are presented on the attached Grain Size Distribution
Sheets.

Moisture Content

The moisture content is the ratio expressed as a percentage of
the weight of water in a given mass of soil to the weight of the
solid particles. This test was conducted in accordance with ASTM
Designation D-2216-66. The results of these tests are presented

on the attached Summary of Laboratory Test Data.

Specific Gravity of Soil Solids

The specific gravity of soil solids is the ratio of the weight in
air of a given volume of soil particles to the weight in air of
an equal volume of water. This test was conducted on selected
soil samples in accordance with ASTM designation D-854-58. The

results of these tests are presented on the attached Summary of
Laboratory Data.

Atterberg Limits Testing

Representatiave samples of the soils were selected for Atterberg
Limits testing to determine the soil plasticity characteristics.
The soil's Plastic Index (PI) is representative of this charact-
eristic and is bracketed by the Liquid Limit (LL) and the Plastic
Limit (PL). The LL is the moisture content at which the soil
will flow as a heavy viscous fluid and is determined in accor-
dance with ASTM D-423. The PL is the moisture content at which
the soil begins to lose its plasticity and is determined 1in
accordance with ASTM D-424, The data obtained are presented on
the attached Summary of Laboratory Test Data and boring logs.



BORING LOG TERMINOLOGY

Permit Number: This mineral Well Permit Number is assigned to Materials
Testing Consultants, by the State of Michigan Department
of Natural Resources Geological Survey Division. Materials
Testing Consultants is obligated under the rules of the
Mineral Well Act to plug test borings in a specified manner.

Sample Type: "SBS" and "L" are the split barrel and liner samplers used
to recover soil samples in the ASTM D 1586 Standard Pene-
tration Test.

"S.T." refers to the thin-walled sampler (Shelby Tube)
used to recover relatively undistrubed soil samples in
the ASTM D 1587 method of sampling.

"A" refers to a distrubed auger sample.

"C" refers to a rock core sample obtained by Diamond Core
Drilling in accordance with ASTM D 2113.

Boring Method: "H.S.A." refer to the Hollow Stem Auger.
"S.S.A." refers to the Solid Stem Auger.
"W" refers to the Wash Boring Method.
"R" refers to the Rotary Method.
"C" refers to the Casing Method.

Water Observations: Depth of water is measured from the top of ground to top
of water level. Initial depth indicates water encountered
during boring, completion depth indicates water level
immediately after boring, and depth after "X" number hours
indicates water level after a time period.

Water observations in pervious soils are considered re-
liable groundwater levels for that date. Water observa-
tions in impervious soils may not be accurate groundwater,
measurements unless records are made over several days' :
time. The groundwater level will fluctuate for both per-
vious and impervious soils.

Soils Description: Visual classification of major soil constituents.



Color:

Size:

Minor Component
Quantifying Term:

Layer or Stratum:

Lenses:

Seams:

II

When the color of the soil is uniform throughout, a
single color such as brown, gray or black will be used,
modified by adjective such as light and dark. If the
soil's predominant color is shaded by a secondary color,
the secondary color precedes the primary color, such

as: gray-brown, yellow-brown. If two major and dis-
tinct colors are swirled throughout the soil, the colors
will be described by the term mottled, such as: Mottled
brown and gray.

Soil Components ’ ' Size
Boulders Larger than 8"
Cobbles 8" to 3"
Gravel--Coarse 3" to 3/4"
--Fine 2 mm. to 3/4"

Sand --Coarse 2 mm. to 0.6 mm.
--Medium 0.6 mm.-0.2 mm.
--Fine 0.2 mm.-0.06 rm.

Silt 0.06 mm.-0.002 mm.

Clay 0.002 mm and smaller

Trace 1-10% (Percentages are

estimates unless

Little 10-20% a sieve analysis

is performed
Some 20-35%

And  35-50%

Soil mass which can be characterized, for engineering
purposes, by a single set of strength and classifica-
tion parameters.

Lenses of soil occur within a soil layer and range in
thickness from a fraction of an inch to approximately
one (1) foot thick.

Planer opening in a soil layer filled with soils of
different characteristics. Soil seams are usually a
fraction of an inch thick and may occur in various
directions.



II1
-
~ Density: '
Granular Soils (Cohesionless)
- Number of Blows Relative Density Compactness
0-4 0-20% Very Loose
- 5-10 20-40% Loose
11-30 40-70% Medium Dense
31-50 70-90% - Dense
- above 50 90-100% Very Dense
Consistency:
- Cohesive Soils Approximate
Shear Strength
Number of Blows in K.S.F. Cohesion
- 0-2 0.25 Very Soft
3-4 0.25-0.5 Soft
- 5-8 0.5-1 Medium Stiff
g 9-16 1-2 Stiff
v 17-32 2-4 Very Stiff
- above 32 above 4 Hard
Grading: When Soil characteristics vary gradually with depth
- within the same soil stratum, the variation is described
by using the term "grading".
N.P.M.: Natural Percent Moisture of in situ soil sample.
% N.D.: Natural Density of in situ soil sample in p.c.f.
— S.S.: Shear Stength of cohesive soil samples as determined
by the Unconfined Compression Tests in K.S.F.
- Classification
. Data: Laboratory data to assist in classification of soils

and classification of soil characteristics. ie: Plastic

Limit, Liquid Limit.



MATERIALS TESTING CONSULTANTS INC.

UNIFIED SOIL CLASSIFICATION SYSTEM
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SUMMARY OF LABORATORY TEST DATA

. ) MI'CL
Bori Sample Sampl Sample Description Unltp:(;lght Cuor:rlcpo:efs‘snievde P::rﬁ::t Specific Na‘tural Atterberg Limits Sample
N&';‘b:?_ Deppth Typlz*f and Strength ‘No. 200 |Gravity %;::cunrte Number
USCS Classification Wet Dry KSF Sieve . LL. PL. P.1.
i SS gray silty clay 11.4 }20.9(13.5]|7.4 92921
1A 2-4
2 (CL)
gray clay with
. SS f-c sand and f 58.8 [2.68 92899 *
4-6 3 | gravel (CL)
14-16' | SS | gray silty clay 9.4 |16.9]11.4]5.5 | 92922
8 (CL-ML)
-20' | S5 |egray silty clay 5.3 |[15.0[10.8| 4.2 |92923
1A 18-20 10 (CL-ML)
' bron & gray .7.0 [18.0|12.5(5.5 |92
1A 28-30 SS mottled silty . ol . . . 92924
12 clay (CI-M)
gray clay with f]
34-36" | SS to ¢ sand and f 56.6 |2.68 92900 *
1A 2" 13 gravel (CL)
ay fine to
yppsr | 55 | € sand with same 60 92901 | *
1C 35-25 1 f gravel (SW) ’
33 gray Irine sand
1c | 29310 | 2 |MER So‘“‘ﬁsfglt 3.6 |2.670 92902 | *
sS gray silty clay
1c 36" | 3 with f-c sand 5.7 22.6118.3| 4.3 | 92925
& £ gravel (CL-MY
gs gray clay with
.l 4 |fcsandaf 65.5 |2.70 92303 | *
1C 39%-41 gravel (CL)
* Grephic Presentations of Results of Triaxial, Consolidation, NJateriats U _r'esting (C3onsultants

693 PLYMOUTH N.L, GRAND RAPIGS, MICH. 49508 » PriONE §16/480- 0400

CBR, Proctor, Grain Size, and other tests follow this summary

** SS = Snlit Spoon Sample (ASTH D 1586) JOB NUMBER‘._l_@zQ_____.
UD = Undisturbed Sample (ASTH D 1587) PAGE 1 oF 6
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SUMMARY OF LABORATORY TEST DATA
‘ Unit Weight ‘Unconfined Percent - MICI
‘ Sample Description ¢ c . Fi Speci fi thura) Atterberg Limits
s | Do | Jomele - Strengtn | 0. 200 | dravity | Holsture |- Sample
USCS Classification Vet Dry KSF Sieve Ll e b Nurber
ss brown & gray
1C 54%-56" 7 mottlec(l c%ay 10.5 140.8 | 21.9 18.9| 92926
) CL
sS gray silty clay
1C 645-65%"'| 1 with scme f-c 5.9 [16.2 | 11.8| 4.4 92927
sand (CL)
ss brown silt with
1Ic | 745-76' |75 |fcsand & f 58.3 | 2.68 92904 | *
gravel (ML)
o brownl Silt. with
L_gOL' f-c sand and £
1C | 79%-80%'| 13 gravel (ML) 6.0 [15.6 |11.9( 3.7 92928
as bIue gray
1C 39%-141'| 55 | Silty Cl(ay) 15.2 [47.5 |19.4] 28.1| 92929
CL
ss gray silty f-c
' sand with some ) ,
1C  [L54%-156'| 28 | ¢ oravel (SM-SW) 11.5 92905 | *
s gray silty clay
. with some fine
2C 4-6 3 gravel (CL-ML) 7.5 |17.7 | 11.3| 6.4 92930
ss gray silty clay
2c [12-140 |7y | (CL-MD) 7.8 {16.3 [10.9] 5.4 92931
ss gray f-c sand
2¢ | 16-18' 9 (SP) 5.8 92906 | *
sg gray f-c sand
2C 20-22" with some fine 4.9 g
11 oravel (W) 92907 | -

* Graphic Presentations of Results of Triaxial, Consolidation,

CBR, Proctor, Grain Size, and other tests follow this summary

*» S5 = Split Spoon Samole (ASTM D 1586)
UD = Undisturbed Sample (ASTH D 1587)

Jaterials _resting (OSonsultants.u

693 ALY MOUTH N.L, GRAND RARIDS, MICH. 40308 + PHONC $10/408 0480

JOB NUMBER:___ 162G

PAGE_2 ofF__b
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SUMMARY OF LABORATORY TEST DATA
Unit Weight Unconfined Percent L.
boring Sample sample | Sample Description pcf C;mpressive Fingg Specific Aﬁ:??::L Atterberg Limits MICI
Number Depth Type** and Strepgth NO? 200 | Gravity Content Samq?le
* USCS Classification Wet Dry KSF Sieve LL PL P Number
gray f-c sand
SS  |with same f
2c | 26-28' | 14 |gcvel (sW) 2.3 92965
ss gray f-c sand
2c | 32-380 | 17 "(’gjl? sane silt 33.9 92908
gg |oray clay with
2c | 444460 | 20 ?g{“‘)i f-c sand 2.9 [23.9 |12.5 [11.4 92932
ss |gray clay with
2c | 495-51' | 21 ?gln)a f-c sand 67.6 |2.699 92909
sg |gray clayey silt
2c | 79%-80| 27 |(CL-ML) 8.0 [19.5 |13.1 | 6.4 {92933
gg |brown f-c sand
2 |994-100%'| 31 |with little 10.0 92910
gravel (SP-SM)
sg |gray silty clay
2C  |119%5-121+ 35 |(CL) .10.5 |22.2 |14.7 | 7.5 92934
ss |gray clay with
2C  |1444-146'| 40 |sawe f-c sand 15.8 | 21.1 {14.3 | 6.8 |92935
(ML~CL)
SS |gray f-m sand
2C [149%-151'| 41 jwith limestone ($M) 13.9 92911
chips & little silt
SS |brown clay fill
3A 2-4" 2 (CL) 12.7 126.4 [16.5 | 9.9 |92936

* (Graphic Presentations of Results of Triaxial, Consolidation,
CBR, Proctor, Grain Size, and other tests follow this summary

** S = Snlit Spoon Sample (ASTM D 1586)
UD = Undisturbed Sample (ASTHM D 1587)

laterials “_r'esting (C3onsultants.u

483 PLYMOUTH N.E., GRAND RAFIDE, WMICH. 49508 + MOME S1o/ate-daet

JOB NUMBER:
PAGE__3 OF_6

162G
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SUMMARY OF LABORATORY TEST DATA
Unit Weight Unconfined Percent ) MI'CI
Boring Sample Sample Sample Difcription pcf C??pressive NFingg Specific Jﬁ:?f:iz Atterberg Limits Sample
DR an t th . 200 |G it
Number Depth | Type** | oo yaccification o ory prits Dgieve || content LT o Nuber
ss brown f-c sand
with little
3A 8-10" 5 silt (SM-SW) 11.1 92912 *
ss brown f-c sand
with little f-c
3A 14-16" 8 gravel & silt(sM) 15.4 92913 *
ss gray silty clay
with little f-c
3A 18-20" 10 sand (CL-ML) 9.9 17.6| 13.1| 4.5 | 92937
ss gray silty clay
(CL-ML)
3 |34-36 14 10.6 21.1| 14.2] 6.9 | 92938
ss gray silty clay
L gg with same f-c
3C |64)-66 20 sand & £ gravel {CL-ML) 7.3 19.8] 14.3}| 5.5 | 92939
ss gray clayey sil{
ic [1044-106'| 28 ”(’;g‘ trace sand 8.7 | 17.0| 13.6] 3.4 | 92940
ss brown silty clay
I |129-131¢] 33 | (W 13.7 | 35.1| 19.9(17.2 | 92941
ss gray f-m sand
3¢ |139%-141'| 35 | with little 12.9 92914 | *
silt (SM)
ss gray clayey silt
, with little f-c
4C 6-8 4 sand (ML) 11.4 | 16.5] 12.6] 3.9] 93000
Ss gray f-c sand
ac | s-10 5 ‘(’gg‘ clay 47.8{2.702 | 10.1 93001 | *

* (Graphic Presentations of Results of Triaxial, Consolidation,
CBR, Proctor, Grain Size, and other tests follow this summary

*« 5SS = Snlit Spoon Sample (ASTM D 1586)
UD = Undisturbed Sample (ASTH D 1587)

Materlais Uresting (CSonsultants.e

JOB NUMBER: 162G
PAGE_4__OF___6
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SUMMARY OF LABORATORY TEST DATA
. . . MICI
Unit Weight Unconfined Percent -
Boring Sample Sample Sample Description pcf Compressive Finer |Specific MNoaits.ut':r]e Atterberg Limits Sample
Number Depth Tupe#s and Strength No. 200 | Gravity Content Number
d USCS Classification Wet Dry KSF © Sieve LoL PL P
gs  |gray f-c sand
ac 12-141 | 7 |*ith clay (50) 39.4 [2.728 | 4.8 93002 | *
s |gray silty clay
ac | 18-19+ | 10 |(CH 7.6 | 19.1] 11.9]| 7.2| 93003
ss |gray clay with
ac 20-22' | 11 |E-c sand (CL) 53.0 [2.734 | 3.1 93004 | *
gray clay with
SS  If-c sand (CL)
4C 39541 16 9.9 21.84 12.8 9.0 93005
greenish gray
SS |clay (CL).
4C 541-56" 19 19.9 38.0| 17.6| 10.4| 93006
) gg  |gray clayey silt
sc | oay95.9f 27 |0 9.4 | 18.2| 14.6] 3.6| 92942
ss |prown silty clay
4ac |139%-141'| 36 ?;F? f-c sand 8.2 37.6] 16.1| 21.5] 92943
ss |oray fine sand
4C  |149%-150.p'38 |with little 13.1 92915 | *
silt (SM)
ss |gray f-c sand
4C  |154%-1554 39 |with little 12.7 92916 | *
silt (SM)
S5 brown & gray
L Al mottled silty
5A 415-6 1 clay w/tr gravel | (CL-ML 7.8 19.4] 14.2 5.21 92944

* Graphic Presentations of Results of Triaxial, Lonsolidation,
CBR, Proctor, Grain Size, and other tests follow this summary

** §S = Split Spoon Sample (ASTM D 1586)
U0 = Undisturbed Sample (ASIH D 1587)

(aterials "_resting (SSonsultants..:

693 PLYMOUTH N &, GRANG RAMUS, MICH. 49608 »

JOB NUMBER:

PHONME Slasedb-04a00

162G

PAGE_D OF___ 6
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SUMMARY OF LABORATORY TEST DATA
Unit Weight Unconfined Percent - MICT
Boring sample Sample Sample Description ncf Compressive Finer [Specific Mr:)aitsutzar]e Atterberg Limits Sample
Number Depth Type** UsSCs c]:"’?.f. ti SCr’ength No: 200 | Gravity Content Nunber
ssification et Dry KSF Sieve LL. PL. 1.
g |gray f-c sand
5A | 911y | 2 |With sile 43.6 |2.716 92917 | *
(sM)
ss  |gray f-c sand
1 . with little £ *
5A 19%-20% 4 gravel (SW) 2.8 92918
ss |gray f-c sand
5A  |29%-31%' | 6 |with trace grave] 5.9 92919 | *
and silt (SW)
ss |gray fine sand
SA  [294-31% 7 |with same silt 26.7 92920 | *

(SM)

* Graphic Presentations of Results of Triaxial, Consolidation,
CBR, Proctor, Grain Size, and other tests follow this summary

*» 5S = Split Spoon Sample (ASTM D 1586)
UD = Undisturbed Sample (ASTM D 1587)

MJeterials S resting (CSonsultanta.ue

403 PLYMOUTH N.E., GRAND RAPIDS, MiCH. $9808

JOB NUMBER:

PAGE

PHONE $18,404-3480

162G
6 _OF__6
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GRADATION CURVE

. DATE </25/83
CLIENT CH2M HILL ~ PROJECT Zionsville, Irdiana
JOB NUMBER 162G BORING NuMBeR B 1A SAMPLE NUMBER 92899
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GRADATION CURYE

. oaTe //25/83
CLIENT CHZM HITL = PROJECT Zionsville, Indiana

JOB NUMSBER 162G BORING NUMBER B 1A SAMPLE NUMBER 92900
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GRADATION CURVE

. oate 7/11/83
CLIENT ___ CH2M HIIL ~ PROJECT Zionsville, Indiana

JOB NUMBER 162G BORING NUMBER B 1C SAMPLE NUMBER 92901
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CLIENT

GRADATION CURVE
DATE 7/25/83

CH2M HTLL ~ PROJECT Zionsville, Indiara
JOB NUMBER 162G BORING NUMBER B 1C SAMPLE NUMBER 92902
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GRADATION CURVE

. oate 7/25/83
CLIEXT CH2M HILL ~ PROJECT Zionsville, Michigan
JOB NUMBER 162G BORING MuMBER B 1C SAMPLE NuMBer 92903
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